Tuberculosis is one of the world's most prevalent infections, with 7 million to 9 million new cases diagnosed and approximately 3 million deaths occurring annually (4) . One important clinical manifestation of tuberculosis is pleuritis; this condition occurs in approximately 10% of untreated tuberculin skin test converters, making Mycobactenum tuberculosis a significant cause of exudative pleural effusions (6, 7) .
Tuberculous pleuritis develops in patients with an intermediate degree of resistance to M. tuberculosis (6) . Incomplete sequestration of a subpleural focus of infection and subsequent destruction of pulmonary parenchyma allows caseous material to be discharged into the pleural space (1, 6, 9) . The host responds to the M. tuberculosis antigens by developing a delayed-type hypersensitivity within 3 to 8 weeks and pleuritis within 6 to 12 weeks (6) .
Untreated tuberculous pleuritis has a variable course. Although a few patients succumb to infection, most regain health without specific chemotherapy (2) . However, 60% of patients who have apparently recovered develop pulmonary or extrapulmonary tuberculosis within 5 years (1, 6) . It is therefore important that tuberculous pleuritis be diagnosed and treated early in its course (12, 21) .
Cell-mediated immunity may play a significant role in the pathogenesis of tuberculous pleuritis. In human tuberculous pleuritis, the lymphocyte population in pleural fluid differs from that in peripheral blood with respect to the proportions of T lymphocytes and their responsiveness to tuberculin (2, 13, 14, 16 Necropsy. Guinea pigs were anesthetized with an intramuscular injection of 30 mg of Ketaset per kg and 2.5 mg of Rompun per kg 7 days following induction of pleural effusion. A peripheral blood sample of 8 to 10 ml was immediately obtained by cardiac puncture with a heparinized syringe. Each animal was killed by cardiac injection of 1 ml of sodium pentobarbital (Fort Dodge Laboratory). The abdomen was opened via a median incision, and pleural fluid was drawn from the thoracic cavity through the diaphragm with a heparinized syringe. The throrax was opened above the midline, and sections of lung, diaphragm, and mediastinal tissue were removed for gross and histopathological examination.
Histopathology. Pleural tissues were fixed in neutral buffered formalin, sectioned, and then stained with hematoxylin and eosin for histopathological examination. Formalin-fixed sections and smears of aspirated pleural exudate were stained by the Kinyoun cold acid-fast technique to determine the presence of tubercle bacilli. Giemsa stain and Wright blood stain were used on smears of peripheral blood and aspirated pleural exudate for the differential leukocyte count.
Lymphocyte blastogenesis. Blood and pleural fluid lymphocytes were obtained by density gradient centrifugation (3). Briefly, peripheral blood was diluted with three times its volume, and pleural fluid was diluted with an equal volume of Hanks' phosphate-buffered saline-EDTA. Each sample of diluted pleural fluid and blood was layered over FicollHistopaque (Sigma, St. Louis, Mo.) and centrifuged, and the lymphocytes at the interface were removed. The cells were washed three times with Hanks' phosphate-buffered saline and then resuspended in 1.0 ml of tissue culture medium (RPMI 1640 with 25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid [HEPES; Irvine Scientific, Santa Ana, Calif.] supplemented with 10% fetal bovine serum (Irvine Scientific), antibiotics (100 U of penicillin per ml and 100 ,ug of streptomycin per ml; Irvine Scientific), 20 mM L-glutamine, and 0.01 mM 2-mercaptoethanol.
The number of viable cells was determined by trypan blue exclusion with a hemacytometer. The final cell concentration of both peripheral blood and pleural fluid was adjusted to 2 x 106 cells per ml. Aliquots were stimulated with concanavalin A (10 ,ug/ml; Sigma), purified protein derivative (PPD; 25 and 12.5 ,ug/ml), and recombinant M. bovis 65-kDa and M. tuberculosis 71-kDa mycobacterial proteins (10 , Statistical analysis. Mean differences (paired when appropriate) between the responses of T lymphocytes in peripheral blood and pleural effusions were tested for statistical significance by Student's t test. The accepted level of probability was set at 95% for all tests.
RESULTS
Induction of pleural effusion. Experimental animals were sacrificed 7 days following the bilateral intrapleural injection of 2.0 ml of heat-killed M. tuberculosis H37Rv cells. A serosanguineous pleural effusion of 5 to 10 ml was produced in 86% of inbred strain 2 and outbred albino guinea pigs. Analysis of pleural fluid was complicated by inconsistent lymphocyte separation. In some instances, a distinct interface could not be detected after layering over Ficoll-Histopaque and centrifugation. This resulted in decreased sample sizes for some experiments (n < 7).
Pathology. Gross examination revealed granulomas in lung, diaphragm, and mediastinal tissues of all animals with effusions. Histopathological testing revealed a moderate to severe granulomatous pleuritis, myositis, and interstitial pneumonia. Sections of diaphragm revealed granulomas containing multinucleated giant cells, histiocytes, and plasma cells along the periphery.
Differential leukocyte counts. Throughout the experiment, a greater percentage of lymphocytes was observed in samples of pleural fluid than in samples of peripheral blood (Fig.  1) , with a concomitant decrease in the percentage of polymorphonuclear leukocytes in pleural fluid. Lymphocytes made up 53.2% ± 21.4% of the leukocytes in peripheral blood and 66.4% ± 12.7% of the leukocytes in pleural fluids. The percentages of polymorphonuclear cells in blood and pleural fluid were 44.5% + 21.5% and 30.8% + 12.3%, respectively. A paired-comparisons t test showed that 79% of the animals had a greater percentage of lymphocytes in pleural fluid (P < 0.02). These data suggest that compartmentalization of lymphocytes occurred at the site of disease.
Enumeration of E rosette-forming T lymphocytes. The mean percentages of E rosette-forming CD2+ T lymphocytes in samples of peripheral blood and pleural effusion lymphocytes from BCG-vaccinated guinea pigs were compared (Fig.  1) . mycobacterial protein are shown in Fig. 3 . A trend toward increased in vitro mitogenic stimulation of pleural effusion lymphocytes was observed, but it was not statistically significant. The mean lymphoproliferative response of pleural fluid samples was 8,476 ± 4,385 cpm, but peripheral blood samples did not respond as well (565 ± 408 cpm).
Lymphoproliferative response to the recombinant 71-kDa mycobacterial protein. Comparative proliferative responses of peripheral blood and pleural effusion lymphocytes from BCG-vaccinated guinea pigs to the recombinant 71-kDa mycobacterial protein are also shown in Fig. 3 The guinea pig has been used successfully in an experimental model of pulmonary tuberculosis (5, 17) , and the present study was 2, 6, 18 ). In the current study, the mean percent distribution of lymphocytes was uniformly higher in pleural fluid than peripheral blood; that is, 79% of the animals exhibited higher lymphocyte counts in the pleural fluid. These data compare favorably with those seen in human tuberculous pleural effusions and suggest that lymphocytes are expanded and/or that lymphocytes are attracted to and sequestrated at the site of disease.
The results of the E rosette assay offered important confirmatory evidence of the similarities between the guinea pig model and human disease. It has been shown in studies of human tuberculous pleuritis that pleural fluids contain 47 to 95% E rosette-forming T lymphocytes (8, 10, 16) . In the present experiment, samples of pleural fluid contained more E rosette-forming T lymphocytes than peripheral blood samples did. These data suggest the expansion or accumulation of CD2+ T lymphocytes at the site of disease, as has been described for human tuberculous pleural effusions.
The current study assessed the comparative lymphoproliferative effects of PPD and the recombinant 65-and 71-kDa mycobacterial heat shock proteins on pleural effusion and peripheral blood T lymphocytes from BCG-vaccinated guinea pigs. Greater proliferative responses were consistently seen in the pleural effusion samples. Throughout the experiment, the PPD-driven lymphoproliferation was more pronounced than that exhibited by the recombinant mycobacterial proteins, which is indicative of the complex antigenic composition of PPD. Of the two mycobacterial heat shock proteins, the 71-kDa antigen elicited a greater lymphoproliferative response. Heat shock proteins produced by pathogens in response to the host environment may serve as important immunodominant antigens (22) . However, because of their highly conserved nature, these proteins may share epitopes with heat shock proteins expressed by host cells (11) . The greater response to the mycobacterial 71-kDa heat shock protein may be due to shared epitopes between it and analogous proteins from other bacteria or host cells. This may suggest the recognition of the protein by an already expanded population of T lymphocytes. It was clear that the pleural effusion T lymphocytes were consistently stimulated to a greater degree than those of peripheral blood, although this was not statistically significant. Similar results have been reported in lymphoproliferation studies of human tuberculous effusions (6, 8, 16) . These results indicate that antigen-reactive T lymphocytes are either sequestered in pleural effusion fluid or preferentially expanded at the site of disease.
Taken together, the experimental evidence presented above suggests that a relevant animal model of tuberculous pleuritis has been developed. This model can provide a source of highly purified antigen-reactive lymphocytes and soluble immunoregulatory factors, which can be used to facilitate the further study of mycobacterial immunoregulatory and modulating mechanisms.
